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Abstract Describing the phenomenon of total internal reflection in terms of a reflection coeffi-
cient of unit magnitude, we found that, not only can propagating plane waves be total internally
reflected at the planar interface of two dissimilar, homogeneous, isotropic dielectric–magnetic
mediums, but evanescent plane waves can also be. The refracting medium must be the optically
denser of the two mediums for total internal reflection of an evanescent plane wave to occur.
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Total internal reflection of a propagating plane wave at the planar interface of two dissimilar,
homogeneous, isotropic, lossless dielectric mediums is treated in some section of virtually any
undergraduate textbook. Suppose a plane wave propagating in one medium encounters the
planar interface and the second medium is optically rarer than the first medium; if the angle of
incidence of the plane wave is not smaller than the critical angle, total internal reflection occurs
[1].
During an investigation of radiation from a dipole source embedded in a dielectric layer [2],
the following question arose: Can total internal reflection of an evanescent plane wave occur?
Finding no answer to this question in the literature, we decided to report our positive result, as
well as the conditions for an evanescent plane wave to be reflected totally.
1
Consider the interface of two dissimilar, homogeneous, isotropic, lossless, dielectric–magnetic
mediums, labeled 1 and 2. In medium 1 (z ≤ 0), a plane wave with the following electric field
phasor impinges on the interface z = 0:
Einc = [asuˆy + ap (−ζ1uˆx + ξuˆz)] exp [ik1 (ξx+ ζ1z)] , z ≤ 0 . (1)
Here, as and ap are the amplitudes of the s– and p–polarized components, respectively; k1 is
the wavenumber in the medium;
ζ1 = +
(
1− ξ2
)
1/2
; (2)
and the quantity ξ = sin θ, where θ is a real–valued angle for ξ ∈ [0, 1] and complex–valued for
ξ ∈ (1,∞). Thus, the plane wave is classified as either propagating for ξ ∈ [0, 1] or evanescent
for ξ ∈ (1,∞). The electric field phasor of the reflected plane wave may be set down as
Erefl = [rsasuˆy + rpap (ζ1uˆx + ξuˆz)] exp [ik1 (ξx− ζ1z)] , z ≤ 0 , (3)
where rs and rp are the reflection coefficients. We have implicitly taken medium 1 to support
only positive–phase–velocity propagation1.
In relation to medium 1, medium 2 (z ≥ 0) has a relative permittivity ǫr and relative
permeability µr, both real–valued and both of the same sign. If the refractive index
nr = ǫ
1/2
r µ
1/2
r (4)
is positive, medium 2 supports only positive–phase–velocity propagation; if nr is negative, it
supports only negative–phase–velocity propagation. The electric field phasor of the refracted
plane wave is
Erefr = [tsasuˆy + tpap (k1/k2) (−ζ2uˆx + ξuˆz)] exp [ik1 (ξx+ ζ2z)] , z ≥ 0 , (5)
where ts and tp are the refraction coefficients, k2 = k1nr, and
ζ2 = ±
(
n2r − ξ
2
)
1/2
, nr


> 0
< 0
. (6)
1For isotropic dielectric–magnetic mediums, the adjective ‘positive’ (‘negative’) when applied to phase velocity
means that the time–averaged Poynting vector and the wavevector are parallel (anti–parallel). Significantly, the
sign of the phase velocity determines whether positive or negative refraction occurs [3].
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After the solution of the boundary–value problem in the standard way, the four coefficients
are obtained as follows:
rs = (µrζ1 − ζ2) / (µrζ1 + ζ2)
rp = (ǫrζ1 − ζ2) / (ǫrζ1 + ζ2)
ts = 2µrζ1/ (µrζ1 + ζ2)
tp = 2nrζ1/ (ǫrζ1 + ζ2)


. (7)
As rs ≡ 0 and rp ≡ 0 when ǫr = µr = ±1, these two cases need not be considered.
Now, the regime 0 ≤ ξ <∞ can be divided into five parts, depending on whether ζ1 and ζ2
are real–valued, null–valued, or imaginary. Then, the five subregimes are 0 ≤ ξ < ξa, ξ = ξa,
ξa < ξ < ξb, ξ = ξb, and ξb < ξ < ∞, where ξa = min {1, |nr|} and ξb = max {1, |nr|}. In each
of these subregimes, the reflection coefficients have the following distinct characteristics:
I. 0 ≤ ξ < ξa: Both ζ1 and ζ2 are real–valued, so that both rp and rs are real–valued.
II. ξ = ξa: If |nr| < 1, then ζ2 = 0⇒ rs = rp = 1; if |nr| > 1, then ζ1 = 0⇒ rs = rp = −1.
III. ξa < ξ < ξb: If |nr| < 1, then ζ1 is real–valued and ζ2 is imaginary; if |nr| > 1, then
ζ1 is imaginary and ζ2 is real–valued. In either case, both rs and rp are of the form
(a− ib)/(a + ib) where both a and b are real–valued, so that |rs| = |rp| = 1.
IV. ξ = ξb: If |nr| < 1, then ζ1 = 0⇒ rs = rp = −1; if |nr| > 1, then ζ2 = 0⇒ rs = rp = 1.
V. ξb < ξ <∞: Both ζ1 and ζ2 are imaginary, so that both rp and rs are real–valued.
Total internal reflection—interpreted as a reflection coefficient of unit magnitude—thus
occurs in subregimes II–IV. When |nr| < 1, the refracting medium is the optically rarer of the
two mediums, and propagating plane waves are totally reflected provided |nr| ≤ ξ ≤ 1. When
|nr| > 1, the refracting medium is the optically denser of the two mediums, and evanescent
plane waves are totally reflected provided 1 ≤ ξ ≤ |nr|.
Total internal reflection of evanescent plane waves is exploited to frustrate the total internal
reflection of propagating plane waves and thereby create the phenomenon of frustrated total
reflection [4, 5].
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